INTRODUCTION
A number of reports have demonstrated that human hair can be used as a reliable monitor of human exposure to toxic elements in the community or working environment. [1] [2] [3] [4] [5] [6] [7] [8] In these reports, hair samples were generally collected from inhabitants of different communities or from workers of different industrial firms who had been exposed to a variety of environmental pollutants. In most cases, hair analyses have been performed on an individual basis with the samples collected from a variety of population groups.
The differences in trace element content in hair between exposed and nonexposed groups are then evaluated by comparing the mean values of the individual data. Trace element analysis of hair is a task requiring considerable time, labor and expense regardless of the method.
Accordingly, when a laboratory tries to analyze samples collected from population groups of several different environments, the number of samples is limited by the facilities available, although, to obtain better estimates of the parameters of a population, ideally sample size should be very large.
To monitor different communities using hair analyses, samples should be collected periodically and should be analyzed within a limited period of time. This creates contradictory demands. The present study was carried out to develop a time/labor saving methodology for hair analysis in order to obtain appropriate information on those trace element concentrations which are relevant to the community based monitoring scheme in the event that the analytical values for individual subjects are not in question. MATERIALS AND METHODS
Sampling districts
Six sampling districts in Japan, where there has been as yet no serious incident caused by man-made environmental pollution, were selected. Figure 1 illustrates these six districts. District S:
The residential district of Suginami-ku, Tokyo, where air pollution is considered to be relatively light when compared to other parts of the Tokyo Metropolitan Area. District M:
Matsue City, the capital of Shimane Prefecture.
From the air quality data of the National Air Sampling Network,9) Matsue is one of the cities with the cleanest ambient air.
District K: Kagoshima City, the capital of Kagoshima Prefecture. Sakurajima, an active volcano, is located near the city.
The inhabitants suffer from occasional volcanic ash precipitation.
However, no effect on health attributable to this ash has been reported. 
Sampling method
It has been reported that hair contents of certain trace elements vary with sex and age. 10, 11) In this regard, to ensure comparability of the analytical data, special attention has to be paid to subject selection. In this study, subjects were selected from the general high school student population, 15-17 years of age.
A coeducational high school was selected for each of the district sampled. From December 1978 to March 1979, hair samples were collected from male and female donors. More than one hundred samples from each sex were collected from each school. The only exception was the number of males from the school in district I, of whom only sixty-one participated.
Each donor was requested to wash his/ her hair using body soap or shampoo prior to sampling. Before the hair had dried, hair strands were clipped with scissors from close to the scalp from more than ten different localities.
From each subject, a total bundle of hair strands, not less than a matchstick in thickness, was thus collected and placed on a small piece of tissue paper with the proximal ends in order. Each bundle was then bound with thin vinyl-coated wire and was placed in a clean paper envelope. The donor's name, sex, school class and a notation as to whether or not the hair had been subject to permanent wave treatment during the past one year were recorded on the envelope by each donor. The samples were assembled by the school authorities and mailed to this laboratory.
Preparation
of composite samples Because of evidence that permanent wave treatment affects the contents of mercury, magnesium, calcium and iodine in hair,12) only those samples free from treatment were analyzed.
In an attempt to save time and labor, composite hair samples were prepared. These consisted of ten individual samples of equal amounts, which were mixed thoroughly during washing (described below), so that the mean concentration of each element could be determined by one analytical procedure.
One hundred individual samples for each sex were selected from each district, except for I where only fifty male samples were available.
The samples were then divided at random into ten groups of ten samples each, or five groups for I males. Each group was labelled a "composite sample". Hairs were cut into pieces 2-3mm in length from the proximal end to the 10cm short of the distal end using stainless steel scissors.
When each sample weighed 100mg, they were combined in a beaker to make 1000mg composite sample.
The total samples consisted of 55 composite samples of 550 male hairs; 60 composite samples of 600 female hairs, for the six districts in all.
Washing procedures
To remove surface contaminants, the washing procedure recommended by the advisory group to the International Atomic Energy Agency13) was followed. A beaker was placed on a magnetic stirrer and each composite sample was washed successively for 10 minutes with 25ml of, acetone, water, water, water and acetone, decanting off the wash liquid every after each wash. The acetone and the deionized water used were of analytical grade purity.
The procedure thoroughly mixed the samples automatically. To analyze Cd, Pb and Cr, AAS was employed. From the remainder of the samples, 300mg each was put into a glass tube. A solution of nitric acid and perchloric acid (30:2.5, v/v, 3ml) was added to each sample. Ashing was performed on a hot plate. Each sample was evaporated almost to dryness and its residue was dissolved in water to a volume of 10ml.
Cd, Pb and Cr were analyzed at 228.8nm, 283.3nm and 357.9nm respectively by either flame or flameless AAS, depending upon the level of concentration.
For flame AAS, a Jarrell Ash type AA-8500 was used, but for flameless AAS, a Jarrell Ash type AA-8200 was used in combination with a flameless atomizer, FLA-100.
7. Evaluation of differences in concentration among sampling districts The frequency distributions of trace elements content in hair are mostly logarithmic normal, when samples are analyzed on an individual basis. However, as the data here are from composite samples, in accordance with the central limit theorem, as long as the sample's analytical value is the approximate arithmetic mean of the values of pooled individuals, the frequency distribution will theoretically approach normal, when the number of pooled samples is sufficiently large. 
DISCUSSION
In recent years, there has been increasing interest in chemical analyses of human scalp hair as a parameter to monitor community exposure to environmental mineral pollutants.
Hammer et al.1,2) employed AAS in Pb, Cd, Zn and Cu analyses and spectro-photometry in the analyses of As in hair collected from primary school boys living in five cities in the United States with exposure gradients to these metals in the environment. The results revealed that the scalp hair was useful as a monitor of the community environmental pollution from toxic metals of As, Cd and Pb, but not from essential metals of Cu and Zn.
Klevay and Forks3) investigated Pb content in the hair of Panamanians by AAS and found that the data accurately indicated the degree of environmental exposure to lead.
Stankovic et al.4) measured Cd, Pb and Hg in scalp hair of exposed and non-exposed groups in Yugoslavia by AAS and also reached the conclusion that the levels of these metals in hair did reflect the living and working environmental exposure.
Jervis et al.5) employed a combination of nuclear activation techniques to measure concentrations of As, Cd, Hg, Pb, Sb and Zn in scalp hair collected from Canadian population groups exposed to varied types of environments. Again, the results demonstrated that hair is a reliable monitor of toxic elements.
In the above studies, the analyses had been performed on an individual basis. The levels of different groups were then evaluated by comparing mean values of the data.
Teraoka and Kobayashi6) tried another approach. A mixture of a large amount of waste hair, cut from hundreds or even thousands of unspecified male and female customers in barber shops and beauty parlors, was collected from numerous unpolluted and polluted areas in Japan. The concentrations of 25 elements in such mixture samples determined by emission spectrography were presented as the representative values for each sampling locality and each sex. Furthermore, Teraoka7) reported the average concentrations of a total of 23 elements in the hair of non-Japanese of both sexes collected worldwide in the same manner. However, their method does not give information on the concentration dispersion within a single sampling locality.
In view of the existing interlaboratory discrepancies in hair trace element analysis data as seen in the study conducted by the International Atomic Energy Agency,15) the geographical comparisons in the element content in hair cannot be made simply by assembling data from the past literature.
For monitoring purpose at least, analyses must be made uniform especially as regards technique and preferably within one laboratory. The samples should be collected from a variety of sampling localities, and the survey should be completed promptly. This, therefore, necessitates the development of a time/ labor saving method. In the present study, the use of composite sample met the above requirements. However, the size of a composite sample need not be ten persons. In the event that large numbers of donors are available, larger number of persons may be pooled. What is essential is that the size of the pool must be consistent for each of the population groups under investigation.
Creason et al.8) compared Ba, Cr, Hg, Pb, Ni, Sn and V in the hair of people from three communities within Metropolitan New York, employing geometric, instead of arithmetic means of the concentrations for the individual subjects. During the course of the data processing, a special statistical handling was made to eliminate "outliers". The standard deviation was first derived from the logarithms of the central portion of the data measured individually. Then, those values which exceeded the limit of the mean of these logarithms plus/minus three standard deviations were rejected as lying too far outside.
However, when such outliers are frequently observed in a community, it is possible that this is a reflection of the characteristics of that community. It may, therefore, be an error to handle outliers in the above manner. Here, composite samples were prepared, paying no particular attention to individual hair samples with concentration of elements which may be outlying.
The Kruskal-Wallis test was useful in comparing the levels of elements in the hair of several population groups where each consists of approximately ten observations and the frequency distribution type is equivocal.
The evidence shown in the differences of the element content in hair among sampling districts is most probably caused by exposure to the element in the community environment. If the results in this study are consistent, further investigations can be expected to elucidate the major exposure factors to which geographical differences can be attributed.
SUMMARY
In an attempt to monitor exposure of a community to the environmental pollutants, As, Mn, Hg, Se, Cd, Pb and Cr, hair analyses were performed using a combination of instrumental neutron activation technique and atomic absorption spectrophotometry. Hair samples were collected from high school students of both sexes in six different localities in Japan, where there has been no previous man-made environmental pollution episode.
To save time and labor, analyses were made not on an individual basis, but on composite samples, each consisting of equal samples from ten subjects thoroughly mixed.
Applying the Kruskal-Wallis test to the data, it was observed that the concentration levels differ considerably even in non-polluted communities except for the level of Mn in males.
The composite sample method explored appears to be superior to conventional analyses which deal with samples on an individual basis, as the former is much more efficient.
It may be used therefore as a routine technique to monitor group exposure.
